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已在紫贻贝中（Mytilus edulis）、淡水水螅（Hydra vulgaris）等中提取到 N-花生
四烯酰乙醇胺（ananadamide，AEA）、2-花生四烯酰甘油酯（2-arachidonoylglyerol，
2-AG）等内源性大麻素（Sepe et al., 1998）。并且，在斑马贻贝（Dreissena 
polymorpha）中的研究表明,AEA 及其类似物能够抑制斑马贻贝的附着，并且这
个作用是可逆的，说明内源性大麻素很可能参与斑马贻贝附着的调控（Angarano 










是与脊椎动物中的大麻素受体不完全相同。AEA 和 2-AG 对翡翠贻贝附着
蛋白表达的影响实验结果表明，AEA 可能是通过影响了 FP1V-1 的表达，
从而抑制了翡翠贻贝的附着。2-AG 可能是通过影响了 FP1V-1、FP1V-2、
FP2、FP4V-1和 FP4V-2的表达从而抑制了翡翠贻贝的附着。 





















析，结果表明。一方面 2-AG 可能作用于突触前膜上的 TRP 离子通道，使





















Cannabinoids are compounds that modulate neurotransmitter, immune, and other 
functions by acting on cannabinoid receptors and modulating neurotransmitter release. 
Some small molecules synthesized and secreted in the body can act on cannabinoid 
receptors, also known as endocannabinoid. Endogenous cannabinoids have been 
found in invertebrates. At present, AEA, 2-AG and other endogenous cannabinoids 
have been extracted from Mytilus edulis and Hydra vulgaris. Moreover, studies in 
Dreissena polymorpha show that AEA and its analogues can inhibit the attachment of 
mussels in the Dreissena polymorpha, and this process is reversible.It suggests that 
endocannabinoids may be involved in the regulation of Dreissena polymorpha 
attachment. As one of the main fouling shellfish in the coastal area of China, the 
attachment mechanism of Perna viridis is really less studied. Based on the results of 
this study, the role of endocannabinoids in the attachment of Perna viridis was 
preliminarily discussed. The main results obtained are as follows: 
 (1)  Effects of AEA, 2-AG, OEA, PEA and AA on the adhesion of Perna viridis 
shows that AEA, 2-AG and AA had some inhibitory effects on the adhesion of 
Perna viridis .Experiments In vitro showed that AM1241, HU308 and 2-AG 
degrading enzyme inhibitor JZL184 had some inhibitory effects on the adhesion 
of Perna viridis. These results suggest that AEA and 2-AG may regulate the 
attachment of Perna viridis by cannabinoid receptors.Effect of CB1 receptor 
antagonist SR141716A and AM251 on AEA have no obviously competitive 
inhibition in the attachment of Perna viridis. The effects of AEA and 2-AG on 
the expression of adhesion proteins in Perna viridis showed that AEA might 
affect the expression of FP1V-1, which could inhibit the adhesion of Perna 
viridis.While 2-AG may affect the expression of FP1V-1, FP1V-2, FP2, FP4V-1 
and FP4V-2, which could inhibit the adhesion of Perna viridis. 
(2)  The LC-MS/MS results showed that Perna viridis do contain four kinds of endo- 















mussles was higher than that in attached mussles, indicating that 2-AG might be 
involved in the regulation of unattachment in Perna viridis. 
(3)  In the annotation of the transcriptome Unigene, a CB1-like receptor is annotated 
in the Nr database which proved that there are cannabinoid receptors in Perna 
viridis.The results of transcriptome showed that the content of 2-AG in unatta-  
ched mussles was higher than that in attached. Differential expression analysis 
was performed between the two groups. The results showed that On the one hand, 
2-AG may act on the TRP ion channel on the presynaptic membrane, which can 
reduce the concentration of Ca
2+
 in cell, cause the DSE phenomenon, and lead to 
the reduce of NO .While NO was reported to be involved in the attachment of 
Bivalves. On the other hand, 2-AG may act on the CB receptor on the mitochon- 
drial membrane, affecting the energy metabolism in the cell, thus inhibiting the 
attachment of Perna viridis. 
 























(Mechoulam et al., 2000)。目前研究较多有 N-花生四烯酰乙醇胺（ananadamide，
AEA）、2-花生四烯酰甘油酯（2-arachidonoylglyerol，2-AG）和类内源性大麻素
油 酰 乙 醇 胺 （ N-Oleoylethanolamide ， OEA ）、 棕 榈 酰 乙 醇 胺
（N-Palmitoylethano-lamide，PEA）等（Evans et al., 1992; Fu et al., 2003; Costa et 
al., 2008）。大麻素受体在生物体内分布十分广泛，涵盖了神经、免疫、消化等多
个系统。目前研究较多的有两种大麻素受体：大麻素受体 I 型（CB1）和大麻素
受体 II 型（CB2）（Howlett et al., 2002）。内源性大麻素及其受体在许多无脊椎
动物中也有发现，并在其生物学过程中起到很重要的作用，如降低其对外界环境
变化的感应、控制生殖、影响摄食、抗炎和影响神经传递等（Salzet & Stefano, 
2002）。 
 
1.1  内源性大麻素系统 
内源性大麻素是生物体自身合成和分泌的脂类化合物，跟外源性大麻素一样
它们也能作用于 CB受体。目前研究最多的为花生四烯酸的衍生物，主要是 AEA
和 2-AG（Devane et al., 1992）。人体内还存在一些小分子脂类化合物，也能起到
和花生四烯酸类相似的功能，如 OEA、PEA 等，我们把它们称为类内源性大麻
















图 1.1  AEA、2-AG、OEA、PEA 化学结构 
Fig1.1  The chemical structures of AEA，2-AG，OEA and PEA 
 
1.1.1  N-花生四烯酰乙醇胺（ananadamide，AEA） 
AEA是最早发现的内源性大麻素，对 CB1/CB2受体均有作用。AEA虽然与
△9-四氢大麻酚化学结构不同，但是其对 CB1 受体的激动能力以及药理学特征与
△9-四氢大麻酚很相似（Hill et al., 2009）。 
AEA的合成主要通过 Ca2+依赖的 NAPE-PLD合成途径。神经传递的过程中，
突触后神经元接受刺激后，细胞膜发生去极化导致 Ca2+内流，激活 N-酰基转移
酶 （ N-acyhransferase ， NAT ）， 从 而 催 化 细 胞 膜 上 的 磷 脂 酰 胆 碱
（Phospha-tidylcholine，PC）与磷脂酰乙醇胺（Phosphatidy- lethanolamide，PE）
反应，形成 N-酰基磷脂酰乙醇胺（N-AcylPhosphatidyletha- nolamilles，NAPEs）。
NAPE 经磷脂酶 D（NAPE-phospholipase D，NAPE-PLD）水解生成 AEA。（Ueda 
et al., 2010）AEA 被释放到突触间隙发生相应作用后，会迅速被特异性的 AEA
转运蛋白（FAAH-like anandamide transporter，FLAT）再摄取进入细胞内，在脂
肪酰胺水解酶（Fatty Acid Amide Hydrolase，FAAH）的作用下发生降解。 
NAPE-PLD 是体内合成 AEA 的一个很重要的酶类，其包含 396 个氨基酸，
属于 β-内酰胺酶折叠家族（β-lactamase fold family）（Okamoto et al., 2004）。另外，
它也能合成 OEA、PEA。AEA降解酶 FAAH包含有 580个氨基酸，属于 amidase 















能水解 OEA,PEA等多种脂肪酸酰胺（Giang & Cravatt，1997）。AEA转运蛋白
（FAAH-like anandamide transporter，FLAT）包含 512个氨基酸，可特异性的结
合 AEA，并将 AEA从高浓度部位转到低浓度部位，这种转运不需要能量，即可
从胞外转到胞内也可以从胞内转到胞外（Fu et al., 2012）。FLAT 和 FAAH由同一
个 Faah 基因编码，二者的氨基酸序列由很大的同源性。迄今为止，已经发现了
很多 FAAH抑制剂，主要分为底物类似物（如：AA5HT，Seierstad & Breitenbucher, 
2009）、α-酮杂环类（如：花生四烯基三氟甲基酮）、氨基甲酸酯类（如：URB524，
Kathuria et al., 2007）等。目前发现的选择性 FLAT 抑制剂有 AM404（Glaser et al, 
2003）、ARN272、UCM707（López-Rodríguez et al, 2003）等。 
1.1.2  2-花生四烯酰甘油酯（2-arachidonoylglyerol，2-AG） 
2-AG 是体内另外一种比较重要的内源性大麻素物质，跟 AEA 一样，对
CB1/CB2受体均有作用。由于 2-AG在脑组织中含量要显著高于 AEA（Mangieri 




等外周脏器中也有被检测到（Leung et al,2006）。 
突触后神经元接受刺激后，细胞膜上的磷脂酶 C（Phospholipase C，PLC）
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